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(54) A medical device for fluid delivery 

(57) A method for predetermining the controlled and 
uniform discharge rate of a fluid from a single lumen tu- 
bular body having passageways radially extending 
through the wall of the tubular body has been developed 
and is described. The method involves predetermining 
such parameters as the transverse cross-sectional are- 
as of the passageways extending through the wall of the 
tubular body, the spacing of the passageways, the pres- 
sure at each of the passageways, and the rate of flow 



at each of the passageways. One specific preferred ap- 
plication of such a tubular body is an infusion catheter 
for delivering various fluids, to designated areas of the 
body for either a therapeutic treatment and/or diagnostic 
purposes. For example, such a catheter may be adapt- 
ed to deliver controlled and uniform quantities of throm- 
bolytic agents, chemotherapeutic agents as well as 
such diagnostic agents as fluorescent dies and radioac- 
tive agents. 
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P atieT5l P c r onUolleT n,i0n ^ * SUCh 35 CatheterS ,rom wh,ch the del ^ of ** **> a 

m JI^k medica ' co " di,io j ns - * is advantageous to deliver a therapeutic agent directly to a target region to avoid 
med.cat.ng the entire body and to limit the amount of therapeutic agent required for effective treatment ^ MemaS 
he same objec t.ve may be desirable for a diagnostic agent. One example of such a medial condition i^n aierial 

JZf? ' r ^ b8 treat8d effeCtiVely by IOCa ' i2ed a PP' ication of such therapeutic fluids as hose contetinq 
tissue plasminogen activator, urokinase, or streptokinase. containing 

Infusion catheters have been developed which can deliver therapeutic fluids directly to affected bodily passaoes 
for example a thrombotic region of an artery. One type of infusion catheter is a hol.ow tube, the distel end of vSch has 

SwZT 1 ° U9h " tS ^ Wa " 10 f ° rm mU,,iple ° penin9S ' ° r P° rts < P rovidi "9 dire * access to Se e^Mor Sd 
flow.ng through a common central lumen. The ports are disposed at several axial positions along the inTuston sectfon 

hroZtt. r;f ution of the tt r rapeu,ic fiuid a,6n9 a desired ^ ° f the ^pa^^snis S 

tK . m m ° re read,ly ,r ° m P ° rtS 0fferin9 thS least flow distance. The longer the flow path fo towed b^he 
fluid in the central lumen, the higher the resistance and the higher the pressure drop (AP) in the fluid IfTe inf us on 
sect.on of this catheter has multiple ports or passageways the fluid flowing from each port exhtoits res stance an^ 
APproportional to the fluid f lowdistance along the .ength of the central lumen. Thus, the fluid flowing to me more distal 

an eUISh^r i I? l,Venn9 Va "° US aQentS t0 s P ecific re 9'°ns of the body, the wall of a normal blood vessel includes 
an endothehal surface layer wrth an underlying connective tissue layer. When the wall of a blood vessel i f diseased 
or .njured, the endothe.ia. surface layer breaks ortears. The break or lesion in the endothelial^ 

C ° nn "r t,Ve t,SSUe fiberS to the blood through the .umen of the blood vessel. PlatelS presenHn 

me bloods ream adhere to the collagenous fibers, thereby initiating the coagulation cascade that results^ a ctot The 
clot projects rad,ally from the vessel wall into the lumen of the blood vessel and may cause turbu.en"flow 

Intravenous thrombolytic therapy breaks apart clots and restores laminar flow through the blood vessel and into 
other areas of the vascular system. Typically, intraarterial thrombotic therapy is provided byXina an tnf^on 

ume ^^ilT^^ CathSterS 3nd ^ 9UidSS With mUltip,e side P° rts intended ^creasing the vol- 
Polbned S ST 8 ,nt ° I" 6 b,00dstream - For exam P |e - so ™ W-i- catheter sets include coaxial* 

fr^ h f and ° uter catheters, each with a number of sideports or infusion slits. Another coaxial infusion set 

includes an outer catheter with sideports and an inner wire guide with infusion holes. Yet othe^ 

on. t P T lem With , ,h .^ e mu,ti P |e side P° rt devices is ^at most or all of the thrombolytic agent is diffused through only 
one o two proximal sideports, thereby limiting the surface area of the targeted blood vessel which coufd belated bv 
the released thrombolytic agent. As a result, the thrombolytic agent does not adequately mlx^btood t^uXj 

tnerapeutic effect before bemg carried away in the blood stream 

str Jm^hT* ^ " neVen f ' OWOf the ,nrombo| yticagent from the infusion sideports creates turbulence in the blood- 
stream. The turbulence can cause particles of the clot to fracture and flow farther along the arterial sys .em tnto oe 

SSS^T TT- HiSt ° riCally ' treatin9 tand6m Ctots is more M and time c^sZngC ™ stow 
^oZ ZtZ* l^ th * T TT" encountered in ***** a tandem clot is that the infusion dev" e m]gh, not m 
into the lumen of the blood vessel where the particle is wedged and occluding blood flow 

According to the present invention there is provided a device as defined in claim 1 2 or 3 
, k , e J^ eSent invention overcomes the aforementioned problems and relates to a medical device comorisino a 
hTfow^ 

% h PGrt be,n9 31 3 reSDective ""foiled ^e The invention further relates to a catheter mat is 

capable of de.^ermg a vanety of fluids to the human body. The invention includes methods for preciseircateuSLq 
the transverse cross-sect.onal area or areas of the fluid passageways which extend preferably tJreS^S 

IZZ Li " ^ Whan " iS dSSired l ° ^ 3 C ° nStant f,OW ° f fluid f ™ e ach of the w£ 

In a Z£ T bStWeen mem ' ,h6n thS cross - sec tiona. areas of the passageways will be different 

rate of VZT "J^I °' *™ ™ en " 0n ' 3 Sin9 ' e ,Umen medica ' d ^ce for the uniform delivery 

rate of a fluid is provided wherein the device comprises: uenvery 

a) an elongated tubular body having proximal and distal ends 

b) a plurality of longitudinal spaced fluid passageways which' extend through a length of the sidewall of the elon- 
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gated tubular body, wherein at least one of the spacing of the passageways along the length of the tubular body 
the fluid flow rate out of the tubular body or the pressure of the fluid in the tubular body at each passageway is 
controlled; and the transverse cross-sectional areas of the passageways are predetermined to provide a controlled 
rate of discharge of fluid from each of the passageways, and 
5 c) means at the proximal end of the tubular body for connection to fluid to be fed into the lumen of the device. 

In accordance with another aspect of the present invention there is provided a medical device for providing con- 
trolled fluid flow, said device comprising: 

a) an elongated tubular body having proximal and distal ends: 

b) means at the proximal end of the tubular body to direct the fluid into the lumen; and 

c) a plurality of longitudinally spaced fluid passageways which extend through the sidewall of the elongated tubular 
body and along the length of the sidewall, wherein the transverse cross sectional area of each passageway are 
predetermined to provide a controlled uniform rate of discharge of fluid from the tubular body, wherein when the 
spacing of the passageways is set at a constant value and the transverse cross sectional area of the passageways 
are predetermined by the method comprising: 

i) means for determining the constant rate of flow Qj out of each i th passageway from the flow rate of the fluid 
into the lumen o1 the tubular body; 
20 jj) means for determining the pressure Pj at the i th passageway from the known pressure P amb outside the 

tubular body: 

iii) means for calculating the diameter Dj of each I th passageway from the known viscosity u. of the fluid directed 
into the proximal end of the tubular body according to the following formula: 

25 ( 3840 u.Qj V/3 

Di = U( P i- p amb)J 

is provided, and wherein when the spacing of the passageways is unequal, the formula is adapted to compensate 
30 for the unequal spacing, and/or passageway shape- 

In accordance with a further aspect of the present invention, there is provided a catheter comprising: 

i) an elongated tubular body having proximal and distal ends; 

ii) a plurality of longitudinal spaced fluid passageways which extend through the sidewall of the elongated tubular 
body and along the length of the sidewall, wherein at least one of the spacings of the passsageways, the fluid flow 
rate from the tubular body or the pressure of the fluid in the tubular body at each of the passageways is predeter- 
mined, and the transverse cross sectional area of each of the passageways are precisely predetermined to provide 
a controlled rate of discharge of fluid from each passageway and 

iii) means at the proximal end of the tubular body for directing fluid into the lumen. 

According to a further aspect of the present invention, there is provided a medical device comprising a flexible 
single lumen tubular body having proximal and distal ends, passageways formed in the wall of the tubular body along 
a length thereof, wherein the cross-sectional area of the passageways are predetermined according to the following 
45 formula: 

( 3840 u.Qj y* 

SO 

wherein Dj is the dimension of each i m passageway, Qj is the constant rate of flow of fluid discharged out of each .I th 
passageway, u, is the viscosity of the fluid directed into the proximal end of the tubular body, P^t, is the pressure 
outside the tubular body and Pj is the pressure at each \^ passageway, and wherein the spacing of the i* passageway 
is set at a constant value. With unequal spacing between the passageways, the formula requires adaption to provide 
55 dimension information. 

The medical device thus has fluid passageways formed in a section of the catheter, and the transverse cross 
sectional area of the passageways increases from the proximal end section to the distal end section of the device. 

It is desirable, in order to provide a uniform flow of fluid from the passageways or ports, to have the ports substan- 
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£ S2ZS22S " Wa '" n ~ -* - — " - »» P— . an 

Brief Description of the Drawing 

The invention will be further described in connection with the attached drawing in which- 

Detailed Description 

rad,opaque tip 11 and a proximal radiopaque band 15 or marker to hSELK^STT and £ ,rther com P"s<* a distal 
containing the fluid passaoewavs 18 Thl b**™^. « T boundary of the section of the catheter 

compost ^p^^^^^^i^^tz^ xzxsrs body ,rem . a mo,din9 

may be employed. Likewise, the radiopaque band 15 s^o^erablv^ r^taVhJ^H producing a radiopaque tip 

iridium (PVIr)metalalloy band. As %^t»«ft^uetoii ^SSS^^I ' S m ° Bt P re,erab| y ^ Platinum/ 

radiopaque may be employed dl ^ aq ^ 

Depending upon the particular application and fluid agent being infused the rate of fi„H nic^™ 

desired therapeutic effect ordiaanostic result h ?t IX?! J ^ 316 ° f d,schar 9 e of fluid to achieve the 
shear forces or by ^^S^SSi^^S!" 10 the ^ ,iSSUe b * frictional or 

of fluid from the passagSay^oflhe ^Ta^^lT h Uni, ° rm rate of dischar 9* 

sectional area of the passaoewavs , aTSfSIT! thod has been devised for predetermining the transverse cross- 
out of the P^^^s ^Z n^^Z J!^^ Passageways, the flow rate of the fluid discharged 
"tnree-pa'ssag^ 

lumen 20 in which guidewire 22 is contained and ration c^J o . conta,nin 9 passageways 18 and 

r m. , h e c 9 nuH ^ ZZtt'ES^^tSZZZ^z* '» ■»-- 

diameters or transverse cross-sectional areas 23A 2^R p^r th Q 7 ^ ? passa 9 ewavs 18 and their respective 



p amb = ambient pressure outside the catheter 

Pi ■ p 2» Pa = pressure in the tube at the three holes 
total flow rate through the catheter 
= 50to150ml/hr 
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Q 0 = flow rate out of the end of the catheter 

Q., ,0*2,03= f,ow rates out of tne tnree holes 

The procedure used has three parts. The first step is to set the flow rates out of the side-holes 18 and the end-hole 
5 (not shown) as percentages of the total flow. The second step is to find the pressure in the tube at each hole. The last 
step is to find the size of the hole needed for the given flow. The second and third steps are repeated for each hole, 
starting with the hole closest to the end of the tube. 

4 Since the flow rates out of the holes are desired to be equal and the flow rate out of the end should be small 
compared to the other flows; it is assumed, for the purposes of this illustration, that 30% of the total flow goes out of 
10 each hole and 10% out of the end. 

To find the pressure at the inlet of the holes, some geometric data is needed. The first is the cross-sectional area 
of the annulus. It is: 



is 



20 



25 



<D 



where: 

^ = cross-sectional area of the annulus or fluid space 21 
The wetted perimeter of annulus 21 is: 



P w = n (D c + D,) (2) 



where: 

30 P w = wetted perimeter of the annulus 21 

The following parameters chosen for the purposes of this illustration. 

Dj = diameter of the guide wire 22 = inner diameter of the annulus 21 

55 =0.035* 

D 0 = inner diameter of the lumen 20 = outer diameter of the annulus 21 and is for this example 

= 0.048" 

t = thickness of the tube 

= 0.0095" 

40 L-, = distance from the center of the first hole to the end of the tube 

= 1.57" 

L 2 = distance from the center of the second hole to the center of the first hole 

= 1.57" 

L 3 = distance from the center of the third hole to the center of the second hole 

45 ^ = 1.57° 

D 1t D 2; D 3 = diameters of the three holes 18 

Equations (1) and (2) are valid even if the guidewire 22 is touching the tube wall since the area of contact is small. 
Even though the cross-section is not circular, it can be approximated as a circular cross-section with an effective 
50 diameter. This allows the use of equations derived for circular cross-sections. The effective diameter is called the 
hydraulic diameter and is defined as: 



where: 
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D h = hydraulic diameter 



For an annular region, the hydraulic diameter reduces to the difference between the inner and the outer diameter. 

, «, TVl ^ Vel °° ity in thS annUlUS iS Sma " and the cha "9 es ^ elevation are small, the equation forthe pressure 
at the first hole is: 



p-p jiykti 

1 - K amb + 2D (4) 



where: 



f = friction factor 

P = density of the fluid 

V a1 = average velocity of the fluid in the annulus through the distance L, 
The velocity in the annulus is: 



Q 



a1 



'a1- Ao (5) 
where: 

Q a1 = flow rate in the annulus through the distance L, = Q 0 

The Q a1 notation is used so that the same equations will be valid for other sections of the annulus 

The friction factor is a coefficient based on the flow conditions and the material of the tubing Since the flow is 
laminar (as will be shown later), the friction factor is only a function of the flow conditions and is: 

f= 64 



Re~ (6) 



where: 

Re a1 = Reynolds number in the annulus 21 through the distance L, 

The Reynolds number is a dimensionless number that describes the flow. It is defined as: 



Re ai- — (7) 



where: 

li = viscosity of the fluid 

Substituting equations (3) and (5) into equation (7) gives: 



Re 4PQ »1 

RSa1_ uP w (8) 



Substituting equation (8) into equation (6) gives: 
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Substituting equations (3), (5), and (9) into equation (4) gives: 



32 (i Q n1 L, 



where: 

= change in pressure from the distal end of tube to hole 1 
is Using equation (10) the pressure difference between each hole can be found In general, equation (10) is: 

32*x Q al L, 

AP 1 = o A < 11 > 



where: 

AP-| = change in pressure from hole 1-1 to hole I 
Qaj = flow rate in the annul us through the distance L, 
= Qo + Q 1 + ... + Q M 



The pressure at each hole is then: 

P i = P amb +AP 1 + - +AP i (12) 

With the pressure known at each hole, the diameters can be calculated. 

Several assumptions were made about the flow through the holes. The first is that the flow through the holes 
causes no pressure drop in the fluid in the annulus. The second is that the flow through the holes can be treated like 
flow through an elbow. The losses through an elbow can be approximated by the frictional losses through a length of 
tubing 30 diameters long. The change in pressure from one side of the hole to the other is: 

VpvfoODj) 

4 o fi- p -b+ gD, ~ < 13 > 

where: 

Vj = velocity through hole I 
The velocity through the hole is: 



Q i = J 4Q; 

SO A i 71 D 

where: 

A| = cross-sectional area of hole I 

55 

Substituting equation (14) into equation (7) gives: 
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Re -^3. 

1 *HD| (15) 



5 where: 

Rej = Reynolds number through hole I 
^ Substituting equations (6), (14) and (15) into equation (13) gives: 



p p _ 3840 u. Q, 
' amb »D 3 (16) 



« Solving equation (16) for Dj gives: 



20 



_( 3840 H Q, ^i/3 



(17) 



Us.ng equat IO n (17), the diameters of the ho.es 18 may befound 9 V 
& Example: Three hole catheter. 

— • 2 wil, be analyzed. The 

3o each hole. From equation (1), the cross-sectionataSa of tl annls T ^ °" °' ^ *" 9068 ° Ut « 

Ao = Jl((0.048)> - (0.035)' )- 8.474 X 10- in. (18) 

From equation (2), the wetted perimeter is: 



35 



4Q P w = *(0.048 + 0.035) = 0.261 in. (1 

From equation (3), the hydraulic diameter is: 



45 



SO 



Dh= 4 J 8^^ =ooi3jn ^ 

(11). the pressure at hole 1 is " y ' S 62 5 lbm/ft and ,he v,scos *V is 67 6 x 10-s , bm /ft s. From equation 

Pi - Pan)b= 3g(12) 3 (67.6x10.5)(9.809x 10- e Vl.^ _ |5f 

(32.2)(0.013) 2 (8.474x10- 4 ) f? < 21 > 

55 ^r^ h ~-«rrrr^ 
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3840(67.6 X 10 



-*X2. 



943 x 10 



n (1.248) (32.2) 



r- 



(22) 



0.0219 in. 



We need to check to see if the flow is laminar in all of the regions to verify that the correct equations were used. 
Flow is laminar if the Reynolds number is less than 2300. From equation (8), the Reynolds number in the annulus 
10 through is: 



4(62. 5)(9. 809 x 10- s )(12) , _ 
Re Al = - r =1.67 

is \67.6 X 10- 5 /(0.261) 

From equation (15), the Reynolds number through hole 1 is: 



(23) 



20 



4 (62.5)(2.943 x 10- 7 ){12) _ nn 
Re x = ; = 18.98 



67.6 X 10 



5 )(0. 
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The flow is very laminar out of hole 1 and through the annulus from hole 1 to the end of the tube. 

Table 1 summarizes the calculations for the remaining two holes. It is noted that the Reynolds number is less than 
2300 in all regions indicating laminar flow through these regions. 

Table 1. 



Summary of calculations for three hole catheter. 



Hole I 


1 


2 


3 


Qi (ft^s) 


2.943 x 10" 7 


2.943 x 10- 7 


2.943 x 10-7 


Qai (*t 3/ S) 


9.809 x 10- 8 


3.924X10- 7 


6.866 x 1 a 7 


In (in.) 


1.57 


1.58 


1.57 


APi (lbf/ft 2 ) 


1.248 


5.025 


8.738 


P r P amb (lbf/ft2) 


1.248 


6.273 


15.011 


Di (in.) 


0.0219 


0.0128 


0.0095 




1.67 


6.67 


11.67 


Rej 


18.98 


32.51 


43.49 



While the foregoing examples illustrate specific embodiments according to the present invention, numerous vari- 
ations of the catheters described above are considered to be within the scope of the invention. For example, the 
passageways for discharging the fluid may be arranged in a number of ways including linearly along the one side of 
the catheter, there may be for example, two opposing passageways 180° with respect to each passageway on either 
side of the catheter, there may be four passageways disposed within the same plane and arranged 90° with respect 
to each passageway and the like or in one preferred embodiment the passageways may be spiraled 90° along the 
length of the catheter. The passageways may be formed by several different techniques depending upon the materials 
out of which the catheter is formed as well as the particular application or use of the particular catheter. In one preferred 
embodiment, the fluid passageways are drilled with a laser, particularly in catheters where very small diameters or 
transverse cross-sectional areas are required. While the passageways are generally cylindrical in shape; they may 
have any geometric shape, e.g., conical, cubic and the like. Also, the catheter may be formed by known molding 
techniques, e.g., extrusion, or injection molding. Another consideration is that the catheter may have a varying wall 
thickness along it's length. 
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nii^f bS J 6 <r0m conven,ional flexi b'e materials. For example, such materials that may find ap- 

p zr nQ T he,e : s ac r ding ,o ,he present invention are iJSSS» 

' 3 Va ^f S 1C ° n baS8d P ° ,ymerS ' AS 3 most preferred embodiment according to present inven 
t.on, the catheter ,s prepared from nylon. Also, the exterior wall of the catheter may contain a hydrophilic coating e 

srcar 9,yco1, ^ ene -** and the to — - — - ~i 

B-iii^Sl"? a ^° , ; d ! n9 10 present invention ma V be u,ilized - ** sample, to infuse such agents as chemothera- 
\ ^ hr0mb0lyt ; C a 9 ents ' ant,biotics ' or dia 9"^ic agents, e.g., dyes and radioactive materials, or more inSt 

ontfSn« he r ann,sa neso K ,u t,on T dthe,,ke - More ^^ 

duSnc SSKSTT ^ Ved h Pr ° dUCin9 ° ther el ° n9ated 1UbUlar b0dies for use in indust -y int^ 

andThe ie ^ ' 8 * 98365 ™° 3 ChemiCa ' r6aCti ° n ' fluid reac,ants into a chemical taction ^tem 

Claims 



1 " ^£1Th /" e K diCal d ? iCS ""P**^ an elongated tubular body with proximal and distal ends, means for 
permitting fluid to be supphed to the body at or adjacent to the proximal end, and a plurality of ports extenaino 
through the sidewal, of me body, wherein the cross sectiona. areas of the ports increases in Leas VSZ ce 
of respective ports from the proximal end also increases in size. 

2. A single lumen medical device, comprising: 

a) an elongated tubular body having proximal and distal ends; 

(b) means at the proximal end of the tubular body for permitting fluid to enter into the lumen and 

t k 3 , P °' ton 9 itudinal| y s P aced fluid Pa^geways which extend through the sidewall of the elongated 

ii^^T^T ° f SeCti ° n °' thS SideWa "' Wher6in at ,east one of tne s P aci "9 of the passageways 
a ong the tubular body, the fluid flow rate out of the tubular body or the pressure of the fluid in the tubular body 
^ch passageway is predetermined; and the transverse cross-sectional area or areas of the passageways 
and/or the distances between the passageways are precisely predetermined to control the rate of discharge 
of fluid from the passageways. 

3 ' tT^^f COmprising an elongated tubular body, means adjacent the proximal end thereof to supply fluid 
to the body, and passageways through the wall of the body, wherein the transverse cross-sectional area of each 
passageway is determined according the the following formula: 

f 3840 pO, \i/3 

wherein D, is the diameter of each i* passageway, a, is the constant rate of flow of fluid discharged out of each 
passageway, u is the viscosrty of the fluid directed into the proximal end of the tubular body, P K is the pressure 
outside the tubuiar body and P, is the pressure at each i* passageway and wherein the sSng oTthe 5 £££ 
SSHfS C ° n ^ " ° r aCCOrdin9 ,0 an eq u ^alent formula adapted to compensate for unequal spacing 
between passageways, or to compensate for non-circular passageways. ^cmg 

4. The device according to claim 1 or 2, or 3. wherein said fluid is either a therapeutic agent, or a diagnostic agent 

5. The device according to claim 1 wherein the transverse cross-sectional shape of the fluid passageways is cylin- 
drical or conical, and/or the passageways are spiraled «J- along the length of the tubu.ar body or at least two 
passageways are located in a single cross-sectional plane of the tubular body. 

5 " 1££ZT f CCOrd ; 9 1° C,aim 1 - 2 ' or 3 > herein the tubular body is segmented with respect to different fluid 
discharge rates, and wherein the discharge from the passageways within each segment is controlled and uniform^ 

T ' 3Thf ^K. e , aC ^ din9 t0 J: ,aim 1 - 2 ° f 3 ' Wh6rein 8aid tUbU,ar b0dy 18 * "exible material and wherein the distal tip 
of the tubular body ,s radiopaque and a radiopaque band is positioned at the proximal terminus of the fluidlS 
sageways ,n order to mark the boundaries of the section of the medical device containing said fluid passag^yj 
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8. The device according to claim 7, wherein said flexible material is nylon and said proximal radiopaque band is 
comprised of Pt and Ir. 

The device according to claim 1 , 2 or 3, wherein the device is designed so that the flow of the fluid within the lumen 
of the tubular body is laminar, and/or wherein the wall thickness of the tubular body varies along the length of the 
tubular body and the exterior wall of the catheter comprises a hydrophilic coating, andybr the device contains a 
guide wire. 
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(54) A medical device for fluid delivery 

(57) A method for predetermining the controlled and 
uniform discharge rate of a fluid from a single lumen tu- 
bular body having passageways radially extending 
through the wall of the tubular body has been developed 
and is described. The method involves predetermining 
such parameters as the transverse cross-sectional are- 
as of the passageways extending through the wall of the 
tubular body, the spacing of the passageways, the pres- 
sure at each of the passageways, and the rate of flow 



at each of the passageways. One specific preferred ap- 
plication of such a tubular body is an infusion catheter 
for delivering various fluids to designated areas of the 
body for either a therapeutic treatment and/or diagnostic 
purposes. For example, such a catheter may be adapt- 
ed to deliver controlled and uniform quantities of throm- 
bolytic agents, chemotherapeutic agents as well as 
such diagnostic agents as fluorescent dies and radioac- 
tive agents. 
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FIG. I 
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